Abstract
Introduction

52
During in vitro fertilization (IVF) treatment, multiple follicles developed following ovarian 53 stimulation. After trigger with human chorionic gonadotrophin (HCG), cumulus-oocyte 54 complexes (COCs), which consist of cumulus cells surrounding the centrally located oocyte, can 55 be isolated from the follicular fluid. However, in rarely condition, no identifiable COCs were 56 collected; this phenomenon is defined as empty follicle syndrome (EFS) [1] .
57 EFS can be classified as either "false" EFS or "genuine" EFS. The "false" EFS was due to the 58 inappropriate timing and dosage of HCG administration[2-4]，after rescue protocols[5-10]，the 59 oocytes could be harvested; whereas "genuine" EFS was termed as without oocytes nor 60 cumulus-corona complexes being retrieved after improved protocols [11] [12] [13] , and it was implied 61 underlying genetic defects.
62
Studies identified homozygous mutations in the gene of LHCGR (MIM#152790) in EFS [14, 15] .
63
LHCGR gene encodes the luteinizing hormone/choriogonadotropin receptor; the impaired 64 functioning of LHCGR caused diminished response to the administration of beta-hCG. More 65 recently, based on genome-wide linkage analyses and whole-exome sequencing, a study 66 revealed a recurrent heterozygous missense mutation in zona pellucida glycoprotein 3 (ZP3, a family with two sisters of abnormal oogenesis with EFS. The allelic mutants were transmitted 74 from either parent. We hypothesized that these two ZP1 mutations hurdled the oocyte 75 maturation at an early stage, thus incurring degeneration and empty follicles.
Results
77
Clinical description
78
The proband was enrolled in IVF treatment due to the asthenospermia and teratozoospermia of 79 her husband (Table S2 ). In the first attempt, a gonadotropin-releasing hormone (GnRH) agonist 80 protocol was performed (Table S3) . On the day of trigger, the peak estradiol was 5757 pmol/ml. 
89
The second IVF attempt was carried out with GnRH antagonist protocol (Table S3) 3 months   90 later; dual trigger was administered. However, similar to the first attempt, no recognizable 91 oocytes were retrieved. the control oocyte exhibited a clear cytoplasm with homogeneous fine granularity, surrounded with insoluble zona pellucida ( Figure 1C ).
99
Compound heterozygous mutations in ZP1
100
We performed Whole-exome sequencing (WES) on the proband of the family (Figure 2A II-3).
101
Then followed by filtering, annotation, and prioritization for the WES data on the proband, the 
(MIM#613514)
. It has been shown that ZP1 was a critical component for the structural integrity 112 of the zona matrix in mice models [18] .
113
Notably, the heterozygous frameshift deletion of 5 nucleotides (nt), c.161_165del (p.54fs), which given birth for three times ( Figure 2C ). This mutation led to the formation of a premature stop and the public databases including 1000Genome, ExAc database and ESP6500 database. (Table S1 ). The 141 karyotyping result of proband was 46, XX, with no observable chromosomal abnormality. The 142 proband was enrolled in IVF treatment due to the asthenospermia and teratozoospermia of her 143 husband (Table S2 ). In the first attempt, a gonadotropin-releasing hormone (GnRH) agonist 144 protocol was performed (Table S3) ; after down-regulation, 150 IU of recombinant FSH 145 (Gonal-f®,Merck Serono, Germany) was administered for 10 days. On the day of trigger, the peak 146 estradiol was 5757 pmol/ml. Five follicles were documented by ultrasound, measuring 18-20 147 mm average diameter, and totally twelve follicles were recorded. Oocyte retrieval was 148 performed 36 hours after recombinant human chorionic gonadotropin (r-hCG,Ovidrel®,Merck aspiration and flushing of the seven follicles in the right ovary, so the oocyte retrieval was 151 suspended and the HCG level in blood was evaluated immediately. Because of the normal 152 hormones assays, ovum pick up (OPU) was performed 2 hours later, and five follicles in the left 153 ovary were aspirated. Several cumulus-corona complexes were recovered but no recognizable 3 months later; dual trigger was administered. However, similar to the first attempt, no 156 recognizable oocytes were retrieved. 
162
GnRH antagonist protocol (Table S3 ) was adopted, and dual trigger was administrated. Nine 163 cumulus-corona complexes were collected ( Figure 1B) 236 While in our case, the more severe condition, namely, without observable oocyte, could be 237 explained by the remaining half amount of the previously reported truncated ZP1 protein, which 238 was insufficient to maintain the oocyte normal development, so the maturation of oocyte was 239 hurdled at an early developmental stage leading to degeneration and empty follicles. 
